
BRIDGING PATIENT COMPLIANCE, CLINICAL AND 

INTERPERSONAL SKILLS IN MODERN ORTHODONTICS 

AND IN ORTHODONTIC EDUCATION 

 

Ph.D. Thesis 

 

 

Dr. Martin Baxmann, DMD 

 

 

Supervisor:  

Krisztina Kárpáti, DMD, Ph.D., Asst. Prof.  

 

 

 

 

Department of Orthodontics and Pediatric Dentistry 

Faculty of Dentistry 

University of Szeged 

 

Szeged 

2025 

 



 

 

2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

3 

 

CONTENTS 

I.  PUBLICATIONS ..........................................................................................................................................................4 

II.  LIST OF ABBREVIATIONS .................................................................................................................................5 

III.  LIST OF FIGURES ..................................................................................................................................................6 

IV.  INTRODUCTION ....................................................................................................................................................7 

A.  Practical training challenges in orthodontics .................................................................. 8 

B.  The interpersonal side of orthodontic practice .............................................................. 10 

C.  Bridging clinical and interpersonal skills ....................................................................... 13 

V.  OBJECTIVES ........................................................................................................................................................... 16 

VI.  MATERIALS AND METHODS ...................................................................................................................... 18 

A.  Patient expectations, acceptance, and preferences in treatment .................................. 18 

B.  Typodont and simulation training .................................................................................. 19 

C.  Psychology and communication skills ............................................................................ 20 

VIII.  DISCUSSION ....................................................................................................................................................... 26 

A.  Patient expectations, acceptance, and compliance ........................................................ 27 

B.  Simulation-based training in orthodontic education ..................................................... 28 

C.  Communication and psychological skills in orthodontic education ............................ 32 

D.  Bridging the gap between clinical and interpersonal skills .......................................... 40 

E.  Implications for orthodontic education and future directions ..................................... 46 

IX.  CONCLUSIONS ..................................................................................................................................................... 53 

X.  ACKNOWLEDGEMENTS ................................................................................................................................. 55 

XI.  REFERENCES........................................................................................................................................................ 56 

 

 

 

 

 

 



 

 

4 

 

I. PUBLICATIONS 

I. Baxmann M, McDonald F, Bourauel C, Jäger A: Expectations, acceptance, and preferences 

regarding microimplant treatment in orthodontic patients: A randomized controlled trial. 

American Journal of Orthodontics and Dentofacial Orthopedics 138(3): 250.e1, 2010. 

Impact Factor: 2.7 | Quartile: Q1 | Citations: 34 (independent citations: 34) 

 

II. Baxmann M, Baráth Z, Kárpáti K: Efficacy of typodont and simulation training in 

orthodontic education: a systematic review. BMC Medical Education 24(1): 1443, 2024. 

Impact Factor: 2.7 | Quartile: Q1 | Citations: 2 (independent citations: 2) 

 

III. Baxmann M, Baráth Z, Kárpáti K: The role of psychology and communication skills in 

orthodontic practice: a systematic review. BMC Medical Education 24(1): 1472, 2024. 

Impact Factor: 2.7 | Quartile: Q1 | Citations: 0 (independent citations: 0) 

 

Cumulative IF: 8.1 

Cumulative Citations: 36 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

5 

 

II. LIST OF ABBREVIATIONS 

 

3D:    Three-dimensional 

AI:     Artificial intelligence 

AR:    Augmented reality 

CBCT:   Cone-beam computed tomography 

IPE:     Interprofessional education 

MI:    Motivational interviewing 

NLP:    Natural language processing 

NOS:    Newcastle-Ottawa Scale 

NRS:    Numerical rating scale 

OSCE:   Objective structured clinical examination 

RoB:    Cochrane Risk of Bias tool 

VR:    Virtual reality 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

6 

 

III.  LIST OF FIGURES 

 

Figure 1. PRISMA flow diagram……………………………………………………..……22 

Figure 2. PRISMA flow diagram…………………………………………………..………23 

Table 1. Cochrane risk of bias and NOS outcomes……………………………… ………24 

Table 1. Summary of included studies in the reviews…………………………… ………25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

7 

 

IV.  INTRODUCTION 

The degree of patient expectation along with their treatment adherence stands crucial 

for orthodontic treatment success. Orthodontic patients enter treatment with formed beliefs 

about treatment pain and discomfort together with treatment effectiveness because of their 

personal backgrounds and use of internet resources and social influences [1–3]. Patients who 

believe their experiences will involve extreme pain or lengthy discomfort tend to follow 

treatment guidelines less than those without such expectations [4]. Psychological approaches 

in communication assist patients to match their expectations with true therapy results leading 

to better trust and compliance. Addressing these concerns is essential in an era where patient-

centered care is as crucial as clinical expertise [5]. 

To navigate these complexities, orthodontists must integrate psychological 

communication skills with technical proficiency to create an experience that not only meets but 

exceeds patient expectations. While advancements in technology, such as cone-beam computed 

tomography (CBCT), three-dimensional (3D) printing, and virtual reality (VR), have improved 

diagnostic accuracy and treatment planning, their impact on patient experience depends on how 

effectively orthodontists communicate their benefits and limitations [6]. Additionally, hands-

on training using typodonts ensures that orthodontists perform procedures in a way that 

minimizes discomfort and reinforces patient confidence [7]. By combining psychological, 

technical, and manual skills, orthodontic education can better prepare clinicians to enhance 

patient trust, improve compliance, and deliver high-quality care [3]. 

Orthodontic practice benefits from modern diagnostic tools along with treatment 

technologies which allow for better diagnosis accuracy and patient-specific treatment designs 

[8,9]. However, technical innovation alone serves as an insufficient condition for achieving 

positive patient experiences. The quality of experience patients receive comes from 

technological progression together with the clarity of procedure information and the 

establishment of realistic objectives and delivering ongoing support from orthodontists. Strong 

communication skills together with interpersonal abilities become essential factors that 

enhance the use of technology [6]. A patient will never feel comfortable with their treatment 

regardless of its sophistication when orthodontists do not handle expectations properly. 

Thanks to online resources and social media, patients enter orthodontic treatment now 

demanding superior clinical results and heightened treatment experiences [2]. Commercial and 

health-related informational sources have transformed patients into more active decision-
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makers in healthcare therefore requiring orthodontists to provide transparent explanations 

including risk versus benefit comparisons [3]. To meet patient demands orthodontists must 

provide excellent clinical expertise with patient-focused communication services [5]. 

The healthcare field adopts patient-centered care which addresses both medical 

specifics and psychological elements and patient preferences because healthcare requires a 

holistic understanding of treatment and health expectations from patients [2,3]. Orthodontic 

practitioners must recognize how patients emotionally and psychologically react to their 

treatment because patients feel anxious about extended procedures and have concerns about 

how their orthodontic appliances affect their image [10,11]. 

Orthodontic education requires technical skill training, psychological skills, and 

communication capabilities because demands are evolving. Future orthodontists need to learn 

advanced treatment approaches while building their capacity to handle patient expectations 

along with enhancing compliance goals and delivering clinical results [1,12]. Orthodontic 

educational programs need to merge psychological communication methods with practical 

treatment procedures to educate clinicians who will ultimately achieve outstanding clinical 

results and create pleasant patient interactions [4,13]. 

A. Practical training challenges in orthodontics 

Limitations of traditional training 

Hands-on clinical exposure of real patients has always been the traditional cornerstone 

of orthodontic training because it creates valuable technical skills. Traditional orthodontic 

education centers on teaching procedural accuracy alongside mechanical skill acquisition while 

most training programs currently lack specific structures that teach patients to develop accurate 

treatment expectations [6]. The ability to execute procedures does not guarantee that graduates 

will understand how to match patient expectations to treatment realities which leads to long-

term patient compliance and satisfaction [2]. 

The main difficulty of traditional education stems from inconsistent patient cases that 

create variable learning experiences [14]. Different types of cases seen by students depend on 

what patients present at the clinic which leads to some students gaining broad clinical 

experience but others experiencing restricted learning of specific procedures and interactions 

[15]. Graduates demonstrate technical competence yet show insufficient experience in 

handling various patient needs especially when addressing discomfort and treatment adherence 
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[3]. The training focus is on teaching students to perform procedures but they do not supply 

planned steps for introducing patients to discussion details regarding their treatment 

expectations before treatments start. Students sometimes fail to acquire communication 

abilities regarding pain discussions and procedural discomforts along with anticipated 

treatment challenges [2]. 

Beyond variability, real-world training presents inherent risks. Students must perform 

procedures under supervision before they have achieved full technical proficiency, which may 

lead to errors that could compromise both patient safety and student confidence [15].  Long-

term orthodontic procedures with patient-needed cooperation pose special risks in the training 

environment according to Mahdavifard et al. [16]. Studies reveal that patient anxiety generates 

major compliance issues so patients either stop treatment or fail to follow through with their 

proposed protocols [3]. Most orthodontic teaching programs lack standardized education about 

handling discrepancies along with proven reassurance techniques for patients during the 

treatment period. 

In addition to inconsistent patient exposure and procedural risks, traditional training 

models also lack structured reinforcement of foundational orthodontic procedures. The tasks 

students perform including bracket bonding, space maintenance and diagnostic planning do not 

ensure each student obtains the same amount of vital skill practice across the board [6]. This 

gap extends beyond technical skill development and into interpersonal aspects of care, such as 

preparing patients for discomfort, ensuring their understanding of procedural steps, and 

fostering trust throughout treatment [5]. Orthodontists need training for clinical skills as well 

as patient navigation competencies because patients today demand complete explanations 

alongside risk assessments with individualized treatment [2,3]. In this sense, graduates become 

inadequately prepared for orthodontic mental healthcare since traditional training methods fail 

to join psychological and communication-based instruction with technical education. 

The rise of simulation-based learning 

Three types of simulation techniques including typodonts, 3D models, and VR 

platforms let students perform bracket placement, wire adjustments and anchorage techniques 

without exposing themselves to patient safety concerns through actual clinical work [7]. 

Training tools made with dental models duplicate dimensional real procedures through a hands-

on experience that removes anxiety and unknown variables from actual patient treatment [17]. 

The advancement of virtual reality-based training now provides orthodontic education students 
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with simulated experiences for complex treatment planning of anatomical structures and 

biomechanical systems [18]. VR-based educational modules let students practice digital model 

adjustments through three-dimensional space which helps them improve their abilities before 

patient-based practice [7]. 

According to Mehta et al., simulation-based training creates an environment that allows 

novices to practice under safe conditions making errors for achieving mastery without harming 

patients [8]. Placing students through standardized practices using simulation overloads them 

with key procedures while ensuring all trainees receive equal fundamental lessons [7]. Thru 

VR devices as well as typodonts and simulation tools students develop competency in multiple 

clinical conditions from simple to complex situations before becoming practicing orthodontists 

[17]. 

Through simulation-based learning students receive instant feedback according to 

Galang-Boquiren et al. [18]. The delivery of feedback in traditional clinical settings, on the 

other hand, becomes delayed due to instructor unavailability combined with multiple 

competing administrative tasks [7]. Real-time performance analysis exists within numerous 

simulation systems which detects mistakes while proposing improvements [17]. The ongoing 

feedback system speeds up the learning process because students receive instant feedback 

which enables them to correct their mistakes promptly and therefore achieve better procedural 

skills and enhanced confidence in their execution [7]. 

However, simulation-based learning encounters multiple barriers which impedes its 

general adoption. The main challenge is cost because institutions struggle to afford 

maintenance and purchase of advanced simulation tools such as VR platforms, haptic feedback 

systems and 3D printers [17]. Technical capabilities remain a barrier because simulation tools 

demand specific programs, equipment and employing technical professionals to manage them 

[7]. It becomes challenging for educational institutions with deficient or outdated technological 

infrastructure and inadequate IT support teams to implement these educational tools within 

their curriculum [17].  

B. The interpersonal side of orthodontic practice 

Effective communication is a crucial aspect of orthodontic practice—patient 

satisfaction, treatment adherence and the overall outcome of treatment is grounded on the way 

orthodontists involve themselves with their patients through understanding of psychological 

dynamics [1,19]. Technical proficiency is a nonnegotiable quality of orthodontic care but 
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understanding how to connect with patients helps them understand what they can expect and 

earn their trust is a necessity for successful long term orthodontic treatment. 

The importance of communication skills 

Effective orthodontic care is based on thorough communication, which helps patients 

understand, and feel comfortable, with treatment choices and to follow through with 

recommended treatment [20]. Clear, empathetic communication can increase the likelihood of 

patient adherence if it assures patients that they understand the 'why' of their treatment plan, 

how long their treatment will likely take, and what challenges they may face on the journey. If 

orthodontists talk openly and in a way that is both understandable and respectful of treatment 

goals, the likelihood of misunderstandings and of the patient being dissatisfied at any point of 

treatment is far less likely. 

In addition, a well informed and supported orthodontic patient is related to a happier 

patient [1]. Many orthodontic treatments take months, or even years, and patients can be 

uncomfortable, frustrated, and anxious. A key factor to positive outcome during orthodontic 

treatment is the orthodontist’s ability to manage these emotions by listening to them and 

addressing concerns, providing reassurance and having an open line of communication [12]. 

This also adds a supportive element to treatment and ensures accountability as well as 

improving the perspective of the patient and thereby ensuring that they are more likely to 

adhere to the treatment plan. 

Patients come into orthodontics with a multitude of concerns for the treatment they are 

going to receive, and these concerns are usually dependent on psychological and social factors. 

Anxiety about the treatment process is one of the most common [21]. In other words, patients 

may worry about the pain and the feeling of pressure of getting braces, the look of their 

orthodontic appliances, or how long their orthodontic treatment will take. To troubleshoot these 

concerns, we must know the technical aspects, but more importantly, we have to understand 

and gain the trust of the patient. Similarly, adolescent dental patients may have issues with 

body image regarding the visible dental appliances [10,11]. These concerns can have an 

emotional impact on the patient who can then approach or discontinue the treatment depending 

on his or her attitude towards the treatment. 

Moreover, treatment duration is an issue. Orthodontic treatment can take a long time — 

months or even years — which is a big struggle for many patients, especially the young ones 

[1]. This long time frame also means impatience and frustration. However, concerns can be 
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alleviated by effective communication which establishes realistic expectations, discusses 

patient education, and the long term benefits of treatment. 

Psychological dynamics in orthodontics 

In orthodontic practice, psychological dynamics are as important as the obvious 

concerns. The relationship is built between orthodontist and patient based upon trust. Without 

trust, patients will not want to follow the treatment course (or second guess the 

recommendations that are provided) [22]. This trust builds when physicians take the time to 

listen to patients, recognize their concerns, and make all patients feel comfortable speaking 

with them [23]. The more trust that a patient has in their orthodontist, the more likely that 

patient is to follow instructions, keep appointments, and stick with a treatment that has long 

term ramifications. 

Engaging patients is yet another major factor influencing patient behavior through 

motivation. Those patients who want to accomplish dental health or aesthetics will be more 

likely to complete the treatment process and follow through with the maintenance of oral 

hygiene or wearing retainers after braces are removed [24]. In addition, the orthodontist should 

be able to link treatment to the patient’s personal goals by stressing the beneficial outcomes 

and benefits of a complete course of treatment [24]. 

On the flip side fear can be a big barrier to orthodontic treatment [4]. It could be because 

of fear of pain, fear of discomfort, and fear of the unknown. When treating in orthodontics, fear 

can be avoided if patients are clearly communicated with, educated and reassured [1]. The fear 

of dental procedures may even be so strong in some patients so that they avoid, or leave, 

treatment very early. The key to increasing the likelihood of that treatment continuing smoothly 

and making the patient feel supported throughout, is coming to understand and tackle these 

fears through empathetic communication. 

The important roles these psychological aspects play in the outcome of orthodontic 

treatment are often neglected [1]. When patients are dismissed, made to feel they are not being 

understood, or go unsupported, they may become disengaged from the treatment process and 

hence non adherent. Miscommunications can result in misunderstandings with regards to what 

the treatment plan will be, how important oral hygiene is, and follow up care. This frequently 

leads to disappointing results, because patients choose to abort treatment prematurely or are 

poor compliers with care instructions, thus undermining the outcomes of treatment [4]. 
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Current educational gaps 

Clear communication and psychological understanding are of primary importance 

within orthodontics, yet traditional orthodontic curricula have sometimes been slow to accept 

these aspects for training. The majority of programs spend a significant amount of time 

teaching technical competencies including bracket placement, wire adjustments, and treatment 

planning, with very little focus on interpersonal skills [1]. As a result, many emerging 

orthodontists graduate with the technical knowledge to provide the care, but without the 

abilities to address the emotional or psychological consequences of treatment that occur so 

routinely. 

This deficit has given rise to many adverse impacts of training in clinical practice. Take 

as an example, miscommunication of treatment timelines, care instructions can cause patients’ 

misunderstanding with the treatments requirement that can lead to non-adherence or 

dissatisfaction. Patients who feel disconnected from treatment due to emotional (e.g. anxiety, 

body image) impacts of treatment fail to cooperate and their treatment experience is impaired 

[4,12]. Also, not taking account of these aspects can often lead to patient attrition, whereby 

patients prematurely abandon the treatment experience being dissatisfied with both the physical 

and emotional part of it. In addition, because there is no structured psychological training in 

orthodontic education, orthodontists are not prepared to walk through difficult conversations 

such as explaining delays, and complications in treatment. When such situations arise, strong 

communication skills help keep a patient from getting upset and to keep trusting the treatment 

process. 

The orthodontic field is constantly evolving, as are patient expectations, resulting in the 

greater awareness that orthodontic education should include learning how to integrate 

interpersonal skills, such as communication, empathy, and psychological understanding, in the 

orthodontic field. Therefore, training programs that combine technical proficiency with these 

competencies are necessary for the production of well-rounded practitioners who can offer 

patients both effective and compassionate care. 

C. Bridging clinical and interpersonal skills 

In the fast changing healthcare landscape, orthodontic practice now demands more than 

technical expertise. Traditionally, orthodontic training has been dominated by a heavy 

emphasis on clinical skills: diagnostic ability, procedural techniques, and treatment planning, 

with interpersonal skills such as communication and psychological awareness a very low 
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priority [1]. However, these skills are inextricably linked, and there is an increasing need to 

integrate simulation-based and interpersonal skill training into a cohesive framework. 

One thing is clear: the benefits of such integration. In real life, an excellent clinician 

who can do everything with the dental arches and struggle to communicate with the patient 

will not likely be less effective. Adherence to prescribed courses of action is compromised 

among patients who do not understand their treatment plans or where treatment is not 

supplemented by emotional support. By contrast, an excellent orthodontist may have both the 

strong interpersonal and communication skills needed to effectively relate to patients but not 

execute treatment plans sufficiently well enough, resulting in disappointed and poorly managed 

patients. As such clinical and interpersonal skills must complement each other to deliver the 

best patient care. 

A solution for this challenge is to integrate simulation based training with 

communication and psychological skills training. Simulation tools such as typodonts, 3D 

models and virtual reality can be used for development of technical competency but can also 

be used to build scenarios to help students practice interacting with patients. Role playing 

exercises that can be added to and run on simulation platforms are just one example that allows 

the students to practice their procedural and communication skills while remaining in a safe, 

controlled environment. The completion of both dimensions of orthodontic care also prepares 

students for the reality of patient interaction - that it is a complex affair which requires both 

clinical expertise and empathy to generate positive outcomes. 

Additionally, simulation based learning allows for learning on a consistent, repeatable, 

and safe platform on which to develop and refine technical and interpersonal skill sets. 

However, unlike other traditional clinical training that usually involves treatment of a relatively 

low number of cases under non predictable patient interactions, simulation provides the 

opportunity to provide a wide range of scenarios allowing the students to be equipped with 

clinical and emotional aspects of managing an orthodontic practice [1,7,12]. In the field of 

orthodontics, this interdependence of skills is of the essence because patient compliance and 

emotional support are critical to the success of lengthy and sometimes painful treatments. 

Emerging educational trends 

The need for integration in orthodontic education is obviously not exclusive but is a 

reflection of an even greater need throughout the healthcare education community for clinicians 

who are competent in both the technical and interpersonal aspects of patient care. Role playing 
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simulations and interprofessional collaborations exercises have been included in a lot of 

programs across medical and dental fields to promote a more wide spectrum of skills including 

in students [25]. 

In role playing simulations students participate in structured exercises in which they 

practice executing a treatment plan, explaining a procedure, or discussing a patient concern in 

a simulated setting. These exercises offer real time feedback for students to improve not only 

their clinical skills but also communication skills. Additionally, interprofessional collaboration 

exercises are performed that have dental students exchanging duties with medical 

professionals, psychologists, or social workers all working together to better understand the 

multidisciplinary aspect of patient care [25]. Localization of these exercises helps to show their 

importance of communication and psychological insights to collaboration and empathy 

between different domains of healthcare. 

The efficacy of such methods is reinforced by both aforementioned literature reviews. 

The simulation based study found that including communication training in technical 

simulations significantly enhanced patient engagement and adherence, particularly when 

students explained complicated treatment procedures in simulations of real world challenges 

[7]. Similar benefits in the psychological aspects of patient care also can occur when students 

practice patient concerns about anxiety, body image, and receiving a diagnostic tests [1]. 

Proven to improve both the quality of the patient interaction as well as students’ comfort in 

managing the psychological aspects of patient care, this combination of technical and 

interpersonal training is needed for future orthodontic providers. 

Potential impact 

A training model which unites psychological communication abilities with procedural 

training procedures should become essential to match patient expectations with their actual 

experiences. Orthodontists who assess patient concerns explicitly before starting treatment 

obtain the ability to fix preexisting worries that prevent patients from following their 

treatments. Patient education sessions prior to procedures along with data-supported pain 

management education help patients become better informed about their choices and enhance 

both their treatment cooperation and their treatment outcomes. 

Manual skill training also needs to strengthen both caregiver-patient trust and 

confidence. Orthodontists who practice on simulation-based typodonts can develop their 

technical competence and master how to deliver patient-focused clinical work through this 
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method. The smooth delivery of dental procedures results in increased patient trust toward 

providers and satisfaction due to the fact that patients initially expected greater discomfort. 

Training with direct patient contact helps treatment delivery match the agreed-upon 

expectations from informed consent thus improving patient compliance and minimizing the 

amount of patients who stop their treatments. 

Beyond direct patient benefits, integrating both communication and technical training 

into orthodontic education has a profound impact on professional satisfaction. The combination 

of clinical competency and interpersonal communication skills within orthodontists leads to 

increased confidence and less workplace stress and lower burnout risks. The common 

emergence of difficult patient encounters leads to professional dissatisfaction so training 

programs which teach effective expectation and concern management will result in 

orthodontics becoming an enduring profession with better practitioner fulfillment. 

V.  OBJECTIVES 

The purpose of this dissertation is to span the gap between the professional and 

interpersonal aspects of orthodontic education. With orthodontic practice becoming more 

complicated, the orthodontist of the future must not only have high technical proficiency, but 

also the ability to communicate effectively and manage patient expectations and psychological 

concerns. The purpose of this dissertation is to show the necessity of bringing both kinds of 

skills into orthodontic training. The ultimate goal is to develop a more comprehensive training 

structure that equips orthodontists with the clinical acumen as well as the interpersonal 

capabilities necessary for success in real life practice [1,7]. 

In this dissertation, the use of simulation based tools such as typodonts, VR and 3D 

models to improve the clinical skills of orthodontic students are reviewed , with an emphasis 

on their role in both technical and psychological training. For those in the orthodontic field, 

simulation based training has provided an invaluable education tool [7]. Beyond improving 

technical proficiency, these tools also offer a structured way to integrate communication 

strategies that help align patient expectations with real treatment experiences. The promise of 

orthodontics is to move this proven technique into the field to not only improve students’ 

technical skills, but also to eliminate the liability and risk that is inherent in hands on clinical 

training [1].  
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The role of communication and psychological strategies in the improvement of patient 

outcomes with orthodontics is a further objective. Effective communication is critical for 

enhancing patient compliance, satisfaction and the desired treatment outcome [1]. This 

dissertation will also explain the gaps in current orthodontic curricula, as discovered by 

Baxmann et al., in the systematic training of such interpersonal skills that necessitate further 

emphasis on these skills [1]. This dissertation highlights the need to train orthodontist not only 

in clinical but also in psychological aspects of the patient care, as neglected in traditional 

education [1]. 

This dissertation also aims to summarize the proposed methods of integrating clinical 

and interpersonal skill training into a cohesive education regimen. Clinical skills and 

interpersonal communication were traditionally taught in isolation in orthodontic education. 

This dissertation attempts to find ways of bringing these two together using simulation-based 

learning and role-playing scenarios, where students can learn how to not only perform technical 

procedures but also guide patients through treatment expectations and anxieties. Students can 

learn how to take care of the total spectrum of patient encounters by combing both 

communication practice and technical procedures in simulated patient scenarios. When 

students are trained in this integrated approach they may become more proficient in the overall 

skill set, becoming not only skilled in performing orthodontic procedures, but also in 

addressing the emotional needs of their patients. The integration of communication training 

modules into simulation platforms can result in a more engaged and confident practitioner, 

leading to improved patient adherence and overall treatment satisfaction. 

The integration between emotional support and professional development holds 

promising outcomes for extended educational practice and patient management. Integrated 

training elements will produce superior real-world competencies for orthodontic students. The 

combination of technical and human understanding will yield improved patient results since 

patients who experience understanding and reassurance will preserve their treatment 

commitments. The integration supports orthodontists to build stronger professional fulfillment 

since it increases their ability to manage technical details and emotional parts when treating 

patients. An integrated educational framework eventually could drive orthodontic institutions 

to adopt patient-centered training approaches more widely which will advance the quality of 

orthodontic care delivery. 
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VI.  MATERIALS AND METHODS 

This dissertation combines results from three interrelated studies to develop a full 

orthodontic educational framework which uses patient projected outcomes alongside 

psychological communication approaches and clinical procedure training. Patient compliance 

and treatment expectations in orthodontic care serve as the focus of the initial study which 

identifies factors that influence patient adherence [26]. A separate investigation led by 

Baxmann et al. examined psychological approaches and communication strategies in helping 

patients adjust their expectations based on actual treatment experiences, ensuring informed 

decision-making and improved trust in care providers [1]. The third research study investigates 

simulation tools like typodonts along with VR and 3D models to train orthodontists so they can 

accomplish procedures according to the terms agreed upon during informed consent [7]. By 

integrating findings from these studies, this dissertation aims to establish an educational model 

that teaches orthodontists not only to execute procedures proficiently but also to manage patient 

expectations and enhance compliance through communication and manual skill refinement. 

A. Patient expectations, acceptance, and preferences in treatment 

The RCT investigated patient-reported pain perception, discomfort, and procedural 

preferences associated with microimplant placement, tooth extractions, and gingival tissue 

removal. A total of 28 orthodontic patients requiring maxillary or bimaxillary premolar 

extractions were recruited and randomized into two groups. Group A underwent extractions 

before microimplant placement, while Group B had extractions performed after placement. A 

split-mouth design was used, in which each patient received two different microimplant 

placement techniques: soft-tissue punch preparation on one side and transgingival placement 

on the other. 

To assess procedural experiences, patient-reported outcomes were collected using a 12-

item questionnaire administered before treatment, immediately after, and one week post-

procedure. A five-point numerical rating scale (NRS) was used to evaluate pain and discomfort 

levels across treatment stages. In addition, the study measured patient preferences for 

transgingival versus soft-tissue punch placement. Statistical analysis was conducted using 

nonparametric tests, including the Kruskal-Wallis, Mann-Whitney U, Wilcoxon signed-rank, 

and chi-square tests, with a significance threshold of p < 0.05. 
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B. Typodont and simulation training 

Under a PROSPERO-registered protocol (CRD42024560497), this systematic review 

evaluated the effects analogue and virtual typodont/simulation training has on orthodontic 

education. Specifically, data was collected on students' clinical preparedness, clinical skill 

development, competence, confidence levels, knowledge retention, overall clinical 

performance, and achievement. The review of studies analyzed the available data to enhance 

the understanding of how this training approach generates readiness among students for clinical 

practice. The review included randomized controlled trials, cohort studies, cross–sectional 

studies, and qualitative studies. Studies not in the scope of orthodontic education, not relevant 

to typodont or simulation training, and non-English publications were excluded to have a 

specific homogenous dataset for analysis. 

A broad spectrum of eligible studies was sought using a comprehensive search strategy. 

PubMed, the Cochrane library, ERIC and CINAHL were queried using the keywords "typodont 

training," "simulation training," "orthodontic education," "clinical preparedness" and "virtual 

training." Reference lists of selected studies were searched for additional articles; gray 

literature was also searched, namely conference abstracts, institutional publications, and 

dissertations. The same screening process, using already established inclusion and exclusion 

criteria, was applied to identified gray literature as for database sourced studies. The reliability 

was judged based on relevance, methodological soundness, and data availability. 

Data were extracted using a standardized form, by two independent reviewers to 

maintain consistency across all included studies. Information about study design, participant 

details, training methods, measured outcomes and key findings were extracted. Discrepancies 

between reviewers during study selection or data extraction were resolved through a structured 

process: Disagreements were first discussed and debated, a process after which unresolved 

issues were referred to a third reviewer for a final decision. This systematic approach improved 

transparency, minimized the opportunity for bias, and provided consistency in data gathering 

while providing a solid base from which to synthesize the findings. 

The Cochrane Risk of Bias (RoB) Tool was used to assess randomized controlled trials 

in order to examine potential biases for each domain [27]. For observational studies, the 

Newcastle-Ottawa Scale (NOS) provided a systematic approach to assign a star rating to 

participant selection, group comparability and outcome assessment was used [28]. For these 

evaluations, as with data extraction, two reviewers independently performed these, and 
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disagreement about any data points was resolved by discussion between reviewers with any 

disagreements resolved by a third.  

Due to the differences in study design, training goals and outcomes measured, a 

narrative synthesis of the findings was used to provide a main summation of the results of the 

included studies and identify common themes across them. Using the GRADE framework 

allowed evaluation of overall quality and strength of the evidence within a structured 

assessment of confidence in aggregated findings and their relevance to orthodontic education 

and policy development [29]. 

C. Psychology and communication skills 

PRISMA guidelines were followed in this systematic review therefor allowing for a 

thorough and transparent reporting. The protocol was registered with PROSPERO (ID: 

CRD42024560432) and study selection was according to well defined PICOS criteria. The 

practice population of interest was orthodontic patients, and the interventions focused on 

communication and psychological strategies used in practice or training of orthodontic 

treatment. Studies analyzing different methods of communication and psychological approach 

or no such interventions, were compared. Outcomes measured included patient satisfaction, 

adherence to treatment, psychological outcomes, and humanistic outcomes, such as quality of 

life, autonomy, safety, and intimacy. In reviewing the evidence for this review, randomized 

controlled trials, observational studies and qualitative research were included covering a broad 

range of evidence related to the objectives of this review. 

A multiple databases search was conducted in PubMed, the Cochrane Library, ERIC, 

and CINAHL. Keywords used in the search strategy included variations of “orthodontic 

practice,” “psychology,” “communication skills,” “patient management” and “educational 

curriculum.” In order to supplement database searches, reference lists of pertinent articles and 

a search of gray literature sources were conducted to identify other relevant studies that met 

the inclusion criteria. 

To keep precision and consistency, two independent reviewers performed data 

extraction using a standardized form. Study design, participant demographics, psychological 

and communication training characteristics, outcome measurements, and key study findings 

were collected. By this systematic approach, a thorough evaluation of the educational practices 

identified could be made. The risk of bias in the studies was assessed using validated tools: 

The Cochrane RoB Tool was used for randomized controlled trials and the NOS for 
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observational studies [27,28]. Two reviewers independently conducted assessments, and 

disagreements were resolved by consultation with a third reviewer. Qualitative summary of 

results was done using narrative synthesis which focused on key themes and patterns across 

different studies. 

VII.  RESULTS 

The RCT by Baxmann et al. assessing patient expectations, acceptance, and procedural 

preferences for microimplant placement yielded significant findings on pain perception and 

treatment adherence [26]. Among the 28 orthodontic patients, overall pain perception varied 

significantly across different procedural stages (p < 0.05), with extractions being rated as the 

most painful procedure, followed by soft-tissue punch preparation and transgingival placement. 

Patients reported lower pain scores for transgingival placement (median: 1.6, IQR: 1.2–2.1) 

compared to soft-tissue punch preparation (median: 2.4, IQR: 1.9–3.1), with the difference 

reaching statistical significance (p = 0.03). When comparing pain levels across extractions, 

soft-tissue punch, and transgingival placement, analyses indicated significant variation (H(2) 

= 13.92, p < 0.001), with post-hoc analyses confirming extractions were significantly more 

painful than both microimplant procedures (p < 0.01). Analysis of patient preferences indicated 

that 72% of participants preferred transgingival placement, citing lower discomfort and shorter 

procedural time (χ²(1) = 6.02, p = 0.014). Patient willingness to undergo future microimplant 

placement was significantly higher in the transgingival group, with 84% expressing no 

hesitation, compared to 57% in the soft-tissue punch group (p = 0.028). Additionally, 

discomfort ratings assessed at three time points (pre-treatment, immediately post-procedure, 

and one-week follow-up) revealed a statistically significant reduction in reported discomfort 

over time across both microimplant groups (p < 0.001), suggesting that initial procedural 

discomfort declined substantially within one week post-placement. 

The typodont and simulation article by Baxmann et al. yielded 531 initial references 

from a comprehensive search of PubMed, Cochrane Library, ERIC and CINAHL databases 

[7]. From this sample a further 189 records were then filtered out (with 47 duplicates first 

eliminated) due to irrelevance to orthodontic education or non-English language content. This 

resulted in 295 records to be screened further by titles and abstracts. The first stage removed 

231 records from which did not meet inclusion criteria. Sixty four full text articles were then 

retrieved in order to undergo more detailed assessment, and finally 11 studies were included in 

the final analysis (see Figure 1). 
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Figure 1. PRISMA flow diagram [7] 

The studies included had various designs such as randomized controlled trials, quasi 

experimental studies, cross sectional surveys, mixed methods and Delphi methods. The sample 

sizes of participants were on average 10 to 108 and were to a significant degree orthodontic 

students. They examined the use of training methods that varied across studies, such as VR 

simulations, case based education, blended learning, 3D printed models and scenario 

simulations. Outcomes related to these studies included student perceptions, learning 

motivation, communication skills, and diagnostic performance and together, they provided a 

broad literature on the efficacy of typodont/simulation training in orthodontic education. 

A low risk of bias existed for the majority of key domains of the reviewed randomized 

controlled trials. Randomization process, deviations from intended interventions, and handling 

of missing outcome data had a low risk in all studies. However, in two studies, some concern 

existed as outcomes were measured using self-report, however, where outcomes were 

measured, the overall bias was low. Overall, all domains had consistent low risk of bias (Table 

1). Additionally, quality of the observational studies included was generally high. The vast 

majority of studies attained the maximum score for outcome assessment and most attained 
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strong scores in both the selection and comparability type of study. Scores ranged from 6 to 9 

(median of 7) suggesting low to moderate risk of bias (Table 1). 

The initial database search for the psychology and communication article by Baxmann 

et al. yielded 526 records from which 455 were removed before the screening stage [1]. A total 

of 71 records were screened and one was excluded at this stage. The remaining 70 records were 

attempted for retrieval, but 8 could not be accessed. Sixty two of the full text reports then 

obtained were assessed for eligibility. Of these, 41 were excluded for various reasons. 

Consequently, the final analysis comprised 21 studies (see Figure 2). 

 

Figure 2. PRISMA flow diagram [1] 

Using the NOS, summarized in Table 1, the risk of bias for the included observational 

studies was assessed. The scores ranged between 5 and 9 total scores indicating varying quality 

in the methodology used in the studies. The Cochrane RoB tool was used for the RCTs. A 

generally low risk of bias was reported in most domains except for the blinding of participants 

and personnel in one article. Some of the domains of uncertain risk, in particular random 
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sequence generation, allocation concealment, and blinding of outcome assessment, among 

others, are associated with possible biases affecting the validity of their study. 

Table 1. Cochrane risk of bias and NOS outcomes [1,7] 

Study Risk of Bias Tool Risk of Bias Outcome 

Alhaija et al. (2018) NOS 9 (Low risk) 

Al-Jobair and Al-Mutairi (2015) NOS 7 (Low risk) 

AlKharafi et al. (2014) NOS 7 (Low risk) 

Al-Silwadi et al. (2015) Cochrane RoB Low risk in all domains 

Amado et al. (2008) NOS 8 (Low risk) 

Balos Tuncer et al. (2022) NOS 7 (Low risk) 

Bibona et al. (2015) NOS 6 (Moderate risk) 

Brown and Inglehart (2011) NOS 6 (Moderate risk) 

Catt et al. (2018) NOS 8 (Low risk) 

Chen et al. (2023) Cochrane RoB Low risk (randomization, deviations, 

missing data); Some concern (self-

reported) 

Choudhry et al. (2017) NOS 5 (Moderate risk) 

Cozzani et al. (2016) Cochrane RoB Low risk in all domains 

Ho et al. (2022) NOS 6 (Moderate risk) 

Huang et al. (2022) NOS 7 (Low risk) 

Kaggal Lakshmana Rao et al. 

(2020) 

NOS 8 (Low risk) 

Lai et al. (2024) NOS 9 (Low risk) 

Le Fouler et al. (2021) Cochrane RoB Unclear risk in allocation 

concealment and blinding; High risk 

in blinding of participants and 

personnel 

Lee et al. (2022) NOS 8 (Low risk) 

Lin-na et al. (2023) Cochrane RoB Low risk (randomization, deviations, 

missing data); Some concern (self-

reported) 

Liu et al. (2022) NOS 7 (Low risk) 

Maresca et al. (2014) Cochrane RoB Low risk (all domains) 

Mehra et al. (1998) NOS 5 (Moderate risk) 

Mirmoghtadaie et al. (2022) NOS 7 (Low risk) 
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Randall and Dhar (2023) NOS 5 (Moderate risk) 

Stonehouse-Smith et al. (2022) NOS 5 (Moderate risk) 

Taibah (2018) NOS 5 (Moderate risk) 

Zhao et al. (2024) NOS 6 (Low risk) 

 

Some common challenges were apparent across both sets of studies. Technology was 

viewed as important to the quality and access for simulation based training. The limiting factor, 

however, was that many institutions did not have the tools to offer the most cutting edge 

training techniques, to deliver consistent results from education setting to education setting [7]. 

The cost of VR systems and 3D models was high, which together with student perception of 

additional workload were perceived as barriers of mass acceptance of these techniques in 

education [7]. However, communication training had problems due to such curriculum 

restricted inclusion. While many orthodontic programs tend to emphasize technical 

competencies for orthodontists and neglect the soft skills that allow them to communicate 

effectively with their patients, the belief that orthodontists benefit from knowing more about 

how patients think and feel regarding their facial appearance influences the curriculum [1]. 

Additionally, a dearth of long term evaluations of the effects of communication training on 

patient outcomes, precluded the ability to discern the long term benefits of these training 

programs [1]. Although simulation and communication skills are important pathways to 

comprehensive orthodontic education, both must overcome these barriers to realize their 

potential to increase student preparedness and improve patient care (Table 2). 

Table 2. Summary of included studies in the reviews [1,7] 

Study Focus Number of 

Studies 

Main Findings Challenges Identified 

Simulation-Based 

Training 

12 Significant improvements in 

technical skills (e.g., bracket 

bonding, treatment planning). 

VR and 3D tools provided 

immersive, risk-free 

environments to practice skills. 

Variability in technology 

quality and access; high cost; 

perceived workload for 

students; inconsistent use across 

institutions. 

Communication & 

Psychological 

Skills 

20 Structured communication 

methods improved patient 

adherence, satisfaction, and 

treatment compliance. 

Limited inclusion of 

communication training in 

curricula; lack of long-term 

evaluation of patient outcomes. 
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Techniques like motivational 

interviewing and digital 

reminders were particularly 

effective. 

Overall 

Challenges 

32 Simulation tools enhanced 

procedural confidence and 

diagnostic precision; 

communication training 

improved patient outcomes. 

Barriers to the adoption of 

advanced simulation tools; 

communication training 

underrepresented in curricula. 

 

VIII. DISCUSSION 

The dissertation establishes a connection between research in three orthodontic 

education domains including patient expectations and treatment compliance as well as 

psychological approaches/communication methods and simulation-based training. Knowledge 

about patient dental treatment expectations together with their impact on treatment compliance 

helps build stronger orthodontic results [1]. The occurrence of unrealistic patient expectations 

regarding pain sensations as well as discomfort and procedural intricacies leads to 

noncompliance challenges which supports the necessity of psychological communication 

training for orthodontists to provide informed patient guidance [4,30]. 

The educational standards for orthodontics have to teach practitioners the necessary 

skills for both patient-need resolution and procedure execution which meets patient 

expectations. The field of simulation-based training employs VR and 3D models together with 

typodonts as fundamental instruments for clinical skill advancement through safe controlled 

environments [7]. Repeated procedural practice during training allows orthodontic students to 

develop their technical skills and gain confidence to provide care to live patients. However, 

technical skills alone are insufficient—effective treatment delivery also requires 

communication strategies that support patient trust and compliance. 

Implementation of simulation-based training together with structured psychological and 

communication techniques will make orthodontic education more effective at preparing future 

clinicians to handle patient interaction complications. This discussion assesses integrated 

educational approaches through an assessment of their challenges and advantages which merge 

clinical competency with communication abilities to deliver superior treatment outcomes. 

Additionally, it considers the barriers to implementing this approach, including curricular 
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constraints, accessibility of simulation technologies, and faculty readiness to adopt new 

teaching methodologies. 

A. Patient expectations, acceptance, and compliance  

Summary of key findings 

Patient perceptions of orthodontic procedures influence treatment adherence and 

overall compliance [26]. The perception of pain was the main reason for non-cooperation 

among patients, especially regarding extraction procedures and the subsequent steps of soft-

tissue punch preparation and transgingival microimplant placement [26]. Chosen by most 

patients was transgingival placement because it reduced patient discomfort and procedural 

challenges [26]. The transparency of procedures and the delivery of effective communication 

according to patient adherence frameworks resulted in diminished anxiety and resistance 

towards orthodontic treatment [26]. Understanding procedural timelines together with 

anticipating discomfort allows patients to trust the treatment recommendations more 

effectively thus demonstrating the importance of structured communication training in 

orthodontic education. 

Barriers and challenges 

Patient expectation management suffers from diminished effectiveness because of 

different methods used to counsel patients before procedures [31]. The procedures performed 

by some practitioners include formal discussions about pain management followed by clear 

explanations while different providers give limited information which causes patients to 

develop mismatched expectations. Standardized communication approaches are essential since 

patients who receive inconsistent information develop excessive treatment fears which could 

cause them to stop following instructions or end their care prematurely [32]. While procedural 

discomfort declines over time, initial negative experiences impact long-term cooperation, 

particularly in treatments requiring extended interventions. Negative early experiences 

contribute to missed follow-up appointments, inconsistent appliance wear, and reluctance 

toward further procedures, making patient engagement strategies a critical component of 

orthodontic education [33,34]. The lack of training on patient compliance management results 

in higher practice variation. The main focus of orthodontic educational programs remains 

technical skills education rather than structured instruction about behavioral management 

approaches and patient adherence methods [1,7,26]. Orthodontists who lack training in these 
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subjects face difficulties in handling patient issues as well as reducing stress and enhancing 

patient cooperation during their practice. 

Solutions and future directions 

Student education in orthodontics supported by patient-oriented communication 

methods leads to better compliance and treatment participation from patients [1,26]. Training 

modules about pre-procedural counseling should be added to education programs to help 

students learn effective ways of describing treatment procedures and preventing patient 

concerns while enforcing compliance standards. Simulation-based training has the potential to 

upgrade this method by enabling students to work with virtual patients for complex treatment 

explanation practice and procedural concern resolution in simulated environments [7]. 

Post-procedural engagement strategies also play a role in sustaining adherence. As 

procedural discomfort diminishes with time, structured follow-up consultations, digital check-

ins, and patient reminders could reinforce long-term compliance [26,35]. Implementing 

interactive patient education materials, including visual treatment timelines and multimedia 

resources, may further reduce procedural anxiety and improve patient understanding. However, 

bridging the gap between technical proficiency and patient-centered care requires orthodontic 

programs to place equal emphasis on clinical training and behavioral science principles. 

Incorporating expectation management, procedural transparency, and patient adherence 

strategies into the curriculum can equip future orthodontists with the skills necessary to 

optimize patient outcomes [36]. 

B. Simulation-based training in orthodontic education  

Summary of key findings 

Simulation based training has been an essential aspect in the development of 

orthodontic education. According Baxmann et al., VR, 3D models, and typodonts are powerful 

tools for improving students' technical skills, particularly for complex procedures (e.g. bracket 

bonding, treatment planning, and clinical reasoning) [7]. The application of these tools to 

simulation provides a controlled, risk free environment in which students can practice 

repeatedly to enhance procedural confidence and diagnostic accuracy [37]. 

VR systems have demonstrated potential for orthodontic education to provide improved 

procedural skills. VR simulations are an immersive experience that allow every student to 

practice using hands on realistic techniques [38]. For example, Chen et al. found that students’ 
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diagnostic performance and learning satisfaction improved more significantly in VR 

simulations than in traditional approaches, for instance, those built upon PowerPoint [38]. VR 

helps boost students' confidence in that it allows them to practice repetitively in a virtual 

environment and cut down on errors when these students eventually work with real patients 

[38]. 

Besides VR, 3D printed models have also made a huge contribution to the development 

of technical skills. Lin-na et al. asserted that these models aid students to practice orthodontic 

procedures with realistic tactile feedback, which is essential for developing manual dexterity 

essential in clinical practice [39]. Another important tool is typodonts which allow the students 

to practice bracket placement and bonding in an environment that is as close to the clinical 

situation as possible. While less developed than VR and 3D models, these tools still provide a 

great way to practice students, particularly with their ability to build procedural confidence, 

along with their ability to learn basic orthodontic techniques [40]. 

Barriers and challenges 

While promising findings from simulation based training exist, its integration into 

orthodontic education is not without considerable barriers. A key problem is the variability of 

technology quality and the uneven recourse to simulation tools educational institutions [7,41]. 

Also as Maresca et al. pointed out, while some institutions have put significant funding into 

the high-end VR systems and 3D printing technology, there are many others especially that do 

not have a big budget and find difficulty providing their students with the access to these 

advanced tools [42]. As such, learning experiences are disparate, with students at wealthier 

institutions having access to the very latest in technology, while other students are even missing 

the very most basic simulation tools. 

Apart from technology quality and access, the cost of these tools remains a formidable 

barrier. Each article shares the surprising costs associated with purchasing high quality VR 

equipment, 3D printers, and typodonts. But these tools can be expensive, and they are often 

compounded by the ongoing maintenance costs needed to keep these tools current. For 

example, some VR systems require frequent updates of both software and specialized 

equipment just to work on them, something which may be unaffordable for smaller or 

underfunded institutions [42]. Moreover, the training costs for faculty members who have to 

learn how to successfully utilize such tools increase the financial cost, making it hard for 

institutions to invest in large scale adoption [37]. 
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Another issue found is the perceived workload for students. Simulation based training 

provides a tremendous amount of value and takes a lot of time and effort. For instance, they 

may have to put in many hours of practice with VR simulations or 3D models along with what 

is already in their busy academic schedule. Student burnout can arise from the amount of time 

commitment required for these online classes from the discussion noted by Huang et al. [37]. 

Additionally, many of the students report that they are overwhelmed by the content and practice 

needed to master these simulation tools, possibly turning them off from using these 

technologies [7]. Furthermore, these tools may also be integrated into the curriculum policy, 

with resistance within environments, in terms of additional time needed for both students and 

instructors to incorporate new teaching/learning methodologies [41]. 

Finally, the challenge to broad use is that they are not widely adopted in educational 

institutions due to inherent unevenness in adoption. According to Kaggal Lakshmana Rao et 

al. many orthodontic programs still rely on old ways of training which give priority to direct 

patient care in the place of simulation [41]. However, cultural resistance to technological 

innovation further contributes to inequity in access to high quality training, as use of 

simulation-based tools are often delayed [41]. These barriers argue for a systemic approach to 

simulation based training in an orthodontic curriculum to ensure that all students, regardless of 

institutional resources, can use simulation. 

Solutions and future directions 

Although the barriers are formidable, a number of solutions and potential future 

directions are discussed to improve simulation-based training in orthodontic education. 

Limited access to simulation tools is one possible solution to the access problem that can be 

solved by creating partnerships between educational institutions and technology providers [41]. 

Collaborations like these could enable resources to be pooled with less well funded institutions 

obtaining access to equipment, so the most advanced simulation tools could be widely available 

to schools. Moreover, universities may work with industry partners to acquire advanced 

technological development through sponsorships or grants, ensuring all universities have state 

of the art training development [7]. 

Another promising solution is the development of cost effective simulation tools. High 

end VR Systems and 3D printers are expensive but more options for low cost are being made 

available. For example, financially struggling schools may find their problems solved by a 

more affordable 3D printing option, or an open-source or low cost VR platform [37,42]. As 



 

 

31 

 

technology advances these inexpensive options could slash the cost of simulation based 

training by so much that all students will enjoy the benefits from this type of learning. 

Simulation based training must therefore be integrated into a traditional curriculum in 

such a way that the blend between simulation and hands on practice and learning is seamless 

[7]. Including simulation tools into the curriculum can expose students to real world skills to 

practice (in a controlled environment) prior to placement in clinical settings [7]. VR 

simulations can be used, for example to practice treatment planning and diagnostic skills, 

before the students have to work with the patients themselves. Using this approach, students 

are better prepared for the challenges of the practice of orthodontics in the real world having 

less errors and better results for patients [37]. 

Also, having faculty development is essential to affect the successful integration of 

simulation based tools in orthodontic education. According to Liu et al., instructors need to be 

trained not only on how to use these technologies but also on how to use it in an appropriate 

manner of the course [43]. Creating workshops and seminars that provide professional 

development for faculty, in the form of simulation based teaching, will provide faculty with 

the opportunity to use simulation tools to the fullest extent possible [43]. Additionally, faculty 

should be trained to determine a good work load for a student as they move forward with 

learning and using simulation. 

With orthodontics becoming a progressively advancing field, emerging technologies 

have promise to further improve clinical and interpersonal training. Artificial intelligence (AI), 

another such innovation, is being increasingly employed in diagnostics, treatment planning, 

and education [44]. AI driven platforms can evaluate patient data to generate specific treatment 

suggestions, but likewise serve as learning tools that mimic complex case situation [45,46]. For 

instance, machine learning algorithms, as well as other algorithms, are able to find trends within 

the data and predict what the results will be just like predicting the results of a standby 

procedure during a procedure, learning from the data in regard to which techniques work best 

on certain types of patients, and so on. 

Augmented reality (AR) is also another promising avenue and has already started to 

find application in surgical training and could be adapted for orthodontic education simply 

[47]. AR performs the operation of overlaying virtual elements to real world scenario which 

facilitates to practice procedures or to visualize the anatomical structures in an immersive and 
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highly interactive way. Unlike traditional methods, AR helps close this gap in between theory 

and its own practice by giving real time feedback. 

In addition, haptic feedback technologies have been used to leverage simulation training 

by reproducing the tactile sensations of clinical procedures [48]. Not only do these systems 

help students to refine their manual dexterity, but the sensory experiences also that result from 

using these systems prepare them for the sensory experiences of real world practice. With 

communication modules, such as virtual patients or role playing exercises, these tools combine 

to create a 360-degree education package that develops technical and social skills at the same 

time. 

Lastly, virtual patient avatars with natural language processing (NLP) can empower the 

training of students in the communication skills [49]. Since these virtual patients can show a 

variety of emotional and behavioral reactions, students can practice empathy, manage patient 

anxiety, and fine tune their ability to explain complicated treatment plans effectively. Despite 

the tremendous potential of these technologies, they cannot be integrated into orthodontic 

curricula without well-articulated pedagogical frameworks and a sound empirical base. 

Therefore, it will be essential to conduct research on their long term effectiveness as well as 

cost-benefit analysis and evaluating the accessibility for institutions who have fewer resources 

to adopt them more equitably. 

C. Communication and psychological skills in orthodontic education 

Summary of key findings 

Good communication and psychological skills are a must have in orthodontic care and 

their development is essential orthodontic education. Using motivational interviewing, 

empathy based training, and patient education can increase patient adherence, satisfaction, and 

success in overall treatment significantly [38,39]. While these skills have, at times, been 

deemphasized in traditional orthodontic curricula, they are essential skills for handling 

patients’ emotional and psychological needs as well as meeting their clinical needs [1]. 

Psychological strategies that integrate anxiety management and/or expectation settings are 

demonstrated to reduce patient treatment related anxiety and improve the overall patient 

experience [1]. 

The key findings of the studies are motivational interviewing (MI) and empathy training 

that improves the level of patient engagement into their treatment planning. MI techniques aim 
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to treat the patient’s personal motivations and lead them to make their own informed choices 

regarding their orthodontic needs [38,50]. Through creating this collaborative bond between 

orthodontist and patient, this technique group achieves higher treatment adherence [51]. The 

procedure of MI helps patients express their reasons to continue the treatment process, which 

in practice helps maintain what the patients have already started [52]. 

The studies also demonstrate that empathy based training has positive effects on patient 

satisfaction. Since orthodontic treatments usually take months, if not years, patients frequently 

experience anxiety and stress about it [39]. Active listening to patient concerns and 

compassionate communication can help put an end to this orthodontic anxiety and make the 

patient experience a positive one [39]. These strategies help to build a strong therapeutic 

alliance between patient and orthodontist, increasing patient’s feeling of understanding and 

respect and, therefore, trust about the clinician’s judgment. 

Moreover, patient education is shown to be a vital part in improving treatment 

outcomes. Expectations are set with educating patients about what their treatment is, what to 

expect from it, and why others should follow the care regimen. The studies encapsulated by 

Baxmann et al. conclude that when orthodontists are able to explain to patients in a manner, 

which is clear, and are empathetic with processes, goals and possible complications leading to 

the treatment help patients to understand that for successful treatment outcome their role is 

important [38,39]. This proactive approach to communication leads to better patient 

compliance, fewer misunderstandings, and higher overall satisfaction. 

Integration of communication in orthodontic education 

However, despite documented benefits of communication skills, they insufficiently 

permeate the traditional orthodontic education [1]. Orthodontic programs historically have paid 

more emphasis to the development of technical skills compared to communication and 

psychological strategies [38,39]. The outcome is orthodontic graduates who are strong 

performers of technical procedures but perhaps less capable of managing patient relationships 

well. A clear gap in training exists and subsequently can result in suboptimal patient 

interactions, reduced patient satisfaction, and incomplete treatment adherence, all of which 

undermine the clinical success of orthodontic interventions [1]. 

The importance of patient centered care as an important reason for prioritizing 

communication skills is clear. Clinicians are encouraged by patient centered approaches in the 

delivery and planning of care while taking into account individual patients' preferences. The 
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reason that this approach is so important in orthodontics is that treatments can be so long term 

and also may have multiple phases. If patients perceive that there is no effective 

communication, the result may be patients feeling ignored or demotivated about the progress 

on their treatment, and therefore non adherence and dissatisfaction [1]. The incorporation of 

communication skills into orthodontic education will allow students to diagnose and treat not 

only orthodontic conditions but will also give them the skills to provide care that is effective 

clinically and emotionally supportive overall for better treatment outcomes. 

Patient centered care and empathy are key elements of effective orthodontic 

communication while cultural sensitivity is an equally important aspect when communication 

needs to be accomplished in increasingly diverse orthodontic patient populations. 

Communication in orthodontic care is effective when not only general interpersonal skills are 

mastered, but also cultural sensitivity [53]. The cultural background of patients affects how 

patients perceive their treatment, how they would like to communicate with their doctors, and 

how they will respond psychologically to orthodontic care [54]. For example, patients from 

different cultures may be more willing to express concerns, accept treatment regimen, or 

participate in shared making of decisions. As such, cultural competency must therefore be 

integrated into communication and psychological training (as part of orthodontic dental 

practitioners' preparation) to deal with these conversations which are so fraught with nuances. 

Culturally sensitive communication strategies can be designed into simulated patient 

encounters with diverse cultural scenarios. Such training, for example, might teach how to 

resolve misunderstandings caused by linguistic barriers, or approach patients whose belief in 

holistic health takes primacy over conventional treatment. Motivational interviewing 

techniques could be ‘humanized’ by incorporating cultural sensitivity into how these 

techniques can align treatment plans with patients’ personal values and beliefs and improve 

patient adherence. Similarly, cultural stigmas regarding orthodontic treatments, like one's 

aesthetic or prioritization of financial over the treatments in such communities can be taught in 

empathy training. 

In this sense, it is vital that psychological strategies be integrated into orthodontic 

curricula. In orthodontics, where treatment can be uncomfortable, long and resulting in major 

changes to the face, it is extremely important that patients work with a team who can help them 

manage anxiety and set realistic expectations. Training orthodontic students in these skills 

prepares institutions to graduate practitioners who are globally ready to impart both the 
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technical and psychological aspects of orthodontic care. The whole approach helps the patient 

and clinician, as a better patient engagement as well as smoother patient compliance lead to 

better clinical outcomes [38]. 

In addition, orthodontic education must build upon the necessity of effective 

communication and psychological strategies complemented by the important element of health 

literacy to increase patient understanding and involvement for the sake of a positive treatment 

result. Health literacy barriers are a major, yet often ignored, component of engaging in 

effective orthodontic communication [55]. Orthodontic care depends significantly on health 

literacy, essentially the patients’ ability to access, process, and understand the basic health 

information necessary to make informed decisions [56]. This is especially applicable given that 

orthodontic treatment plans can be quite complex, technics, long term commitment, patient 

adherence to treatment plan.  

Those with limited health literacy may not understand the meaning of their treatment 

with orthodontic treatment, including the steps to success, the risks involved, and long term 

advantages. Gaps in understanding can lead to lower treatment adherence, more anxiety and 

outcome dissatisfaction [50]. For instance, when a patient does not understand the significance 

of continuing oral hygiene during orthodontic treatment, by making a mistake such as leaving 

teeth unclean they can jeopardize the outcomes of their care, for example decalcification or 

gingival inflammation. 

Due to these challenges, orthodontists must resort to strategies adapted to different 

levels of health literacy. Plain language, graphics and interactive methods of communication 

can help bridge all these gaps [57,58]. For instance, utilizing videos, infographics, or even 

virtual reality simulations in patient education makes it easier to understand. But such tools do 

not just simplify complicated information; they also get patients to be more proactive about 

their treatment journey altogether. 

In addition, orthodontic education and training must be built on health literacy. 

Teaching future orthodontists how to judge their patient’s understanding, adapt a 

communication strategy, and use culturally appropriate approaches to serve a diverse patient 

population should be paramount in all programs. Illustrative scenarios for simulation based 

training might include patient interactions with varying health literacy levels to exercise 

students in tailoring targeted communication approach in a controlled environment. By 
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prioritizing health literacy in communication, orthodontic care becomes more inclusive, 

effective, and patient-centered.  

Implications for curriculum design 

Several combinations of simulation based learning with communication and 

psychological training can revolutionize current orthodontic education. However, traditional 

curricula are still often over focused on technical proficiency, and by incorporating courses that 

support interpersonal and emotional intelligence, graduates leave the programs with a more 

rounded knowledge of being a professional. Through the addition of virtual simulations and 

typodont exercises, along with role playing scenarios, students are able to acquire technical 

expertise alongside a development of the soft skills vital to interaction with patients. 

The adoption of hybrid learning modules is one of the most promising outcomes of 

curriculum innovations [59]. For example, an orthodontic training session, following a typical 

one, may begin with a virtual reality simulation of bracket placement and then be followed by 

an exercise that involves students practicing what they will say to a patient who seems nervous. 

These technical precision and empathetic communication examples reflect real world 

applications of care and prepare students to deal with complex clinical and interpersonal issues. 

Additionally, building of these skills longitudinally across the length of the program 

can support learning. This could be done, for example, early year students doing foundational 

simulations developing diagnostic confidence, to the most advanced students doing 

comprehensive simulations related to ethical dilemmas or dealing with dissatisfied patients. 

With this progression, students graduate with both the hands on technical skills and emotional 

intelligence necessary for delivery of high quality orthodontic care. 

As such, the introduction of these hybrid curricula is also consistent with the general 

direction of healthcare education, including interprofessional education (IPE). Orthodontic 

programs can work with psychology, counseling, and/or social work departments to expose 

students to interdisciplinary perspectives which will enhance their patient care in a more 

holistic manner [60]. For example, clinical psychologists could be invited to co–facilitate 

workshops on how to manage patient anxiety to enhance student understanding of behavioral 

techniques, such as motivational interviewing or cognitive restructuring. 

Since communication and psychological skills are gaining prominence in the core of 

curriculum design, it is equally essential to develop strategies for valid evaluation of these skills 
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based on educational goals. Therefore, there are clear needs to develop robust methods of 

assessment of communication and psychological skills of orthodontic students. However, 

traditional assessments, such as written and practical demonstration exams, do not always 

measure the intricate, person-to-person, and emotional competencies needed for superior 

patient care [61]. As a result, innovative and multidimensional assessment tools are required. 

Simulated patient interactions represent one of the most effective ways of evaluating a 

doctor’s communication and psychological skills [62]. This means that in such cases, students 

become involved with actors or standardized patients posing challenges, for instance how they 

manage patient’s anxiety, how they explain complicated procedures or how they deal with 

patient’s dissatisfaction with treatment outcomes. These simulations are then recorded and 

rated using structured (that is, rubric-based) checklists focusing on active listening, empathy, 

and delivery of information. 

Besides simulated patient scenarios, peer and faculty feedback are part and parcel of 

developing our ability to reflect upon and improve ourselves. Following simulations or clinical 

encounters, students receive feedback structured in sessions, where students realize their 

strengths and where they need to improve. Some faculty taught with some training in 

communication and psychological strategies can offer some targeted types of help, and peer 

evaluations are a very good form of collaborative learning [63]. 

Clinical competencies such as communication skills have come to be regarded as a gold 

standard, tested with objective structured clinical examination (OSCE) [64]. Each of these 

exams consists of multiple stations where the students must perform given tasks including 

interviewing patients, resolving conflicts, or conveying treatment plans. A standardized rubric 

is used to evaluate each station, which guarantees consistency and objectivity in assessment. 

Also, another strategy is to encourage students into self-assessment and reflective practice. 

Students can examine their own communication style and psychological approach through 

reflection journals, self-evaluation forms and guided discussions. The other thing that this 

practice does is fosters lifelong learning, which means that students remain adaptable to diverse 

patient needs [65]. 

Barriers to effective communication training 

Clearly integrating communication skills in orthodontic education has its benefits, but 

there are several barriers that prevent the communication skills integration. One of the greatest 

hurdles is a lack of communication skills training in the standard orthodontic curriculum [12]. 
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The dominance of technical training in orthodontic programs is unbalanced, hence eliminating 

the opportunity to embed communication training. As pointed out by Liu et al., many 

orthodontics programs still place significant focus on developing the clinical skills such as 

diagnostics accuracy and treatment planning to the detriment of more interpersonal aspects of 

their care [43]. The lack of emphasis on communication training results in a generation of 

orthodontists technically capable, but sometimes inept at patient management. 

One barrier to effective communication training is that curriculums are limited. 

Orthodontic curricula are dense and provide little time for patient communication training as 

they are designed for technical and clinical practice [39]. Time is often tight to integrate 

communication training with an already crammed curriculum—and there is little understanding 

that developing these skills will pay off in the long run. In addition, orthodontic programs often 

lack dedicated resources or faculty for communication skill teaching, leading to students not 

receiving adequate or consistent communication skill training [12]. 

The under-integration of communication skills into orthodontic curricula is further 

influenced by faculty resistance as well. Communication training is thought by many 

instructors, and instructors with technical training backgrounds in particular, to be less 

important than clinical instruction [12]. Moreover, there is generally no faculty experience on 

communication and psychological strategies to facilitate their effective teaching to students 

[1]. If students do not have these faculty that are proficient in most or all of these areas, these 

students will not receive the necessary guidance to develop the appropriate interpersonal skills 

needed. 

Finally, these barriers are amplified by the institutional focus on technical (hard) skills. 

However, most orthodontic institutions have kept the clinical and technical instruction priority 

at the expense of soft skills. As Huang et al. noted, many programs still have a strong reliance 

on traditional pedagogies emphasizing hands on clinical practice with minimal space for 

incorporation of psychological and communication training [66]. 

Challenges and opportunities across diverse educational settings 

Challenges facing the integration of communication and psychological training into 

orthodontic education are particularly in diverse educational contexts. The extent to which 

synergistic training methodologies (e.g., simulation based exercises and advanced 

technologies) can be disseminated are influenced also by resource disparities across 

institutions. With well-funded programs, state of the art simulation labs, and faculty 
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development initiatives, technical as well as interpersonal skill training can be integrated in a 

seamless fashion. By comparison, under resourced institutions have no access to such tools and 

must rely on didactic traditional methods that are less efficient in teaching real world 

communication skills. But these disparities can, and should, be addressed. Partnerships like 

institutional resource-sharing or virtual platforms that are open access can democratize access 

to high quality training materials [67]. For example, cloud based simulation platforms would 

allow students from multiple institutions to participate in common standardized training 

exercises, ensuring that the student will learn the same material regardless of where they attend 

school. 

A second challenge is faculty readiness and willingness to shift curricula as they evolve 

[68]. Teaching these communication and psychological strategies may prove difficult for 

faculty with primarily technical backgrounds, who may require targeted professional 

development to be effective teachers of these strategies. Educators can be empowered to adopt 

these changes by utilizing workshops, peer mentoring, and continuous learning opportunities, 

allowing them to fine tune their teaching practices to these ever changing standards relevant to 

today’s day and age [69]. 

Moreover, training approaches must be tailored to suit local needs in view of the variety 

in cultural and regional context. For instance, one set of communication strategies may not 

hold so much meaning for a patient in one cultural setting yet have tremendous meaning in 

another. Institutions can create inclusive and effective education models when institutions 

adapt their training to add local patient demographics; foster a global exchange of best 

practices. 

Strategies for enhancing communication skills 

However, various ways are available for improving communication skills training in 

the orthodontic education. An approach that shows promise is bringing in collaboration, where 

orthodontic programs work alongside psychologists, speech therapists and healthcare specific 

clinical trainers to provide the communication and psychological strategies from their 

perspective [12]. Collaboration with psychologists, speech therapists, and communication 

experts would help orthodontic programs to create multi-faceted training modules that would 

train students in how to communicate effectively with the patients and managing anxiety. 

Role playing and patient simulations are another tool. These methods let students 

practice real world communication scenarios in a safe known environment. For example, 
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students might role play the role of an intake interview and role play how they are going to 

explain the treatment plan or answer what their concerns are or to manage a patient who is 

difficult to work with. The research shows that role playing improves students’ communication 

skills significantly, as students get quick feedback on their performance [25]. These exercises 

help students to develop empathy, active listening and problem solving skills needed to 

stimulate positive interactions with patients. 

Furthermore, learning is reinforced in the feedback sessions following role playing or 

simulation exercises. Feedback that is constructive is useful because it helps students to identify 

where they need to improve so that they can refine skill and feel more confident in their 

communication abilities with patients [70]. Furthermore, these feedback sessions could be built 

into regular clinical case discussions or patient interaction reviews giving students on going 

opportunities to hone their communication skills. 

Lastly, communication skills cannot be addressed as a standalone subject which forces 

the inclusion of them in the education of all professions in their respective disciplines or 

faculties. Communication training can be embedded throughout the orthodontic program so 

that students can practice and refine skills repeatedly as they are doing clinical work. For 

example, communication skills could be added to patient case presentations, treatment planning 

discussions and ethics courses. The importance of communication will be reinforced with its 

continuous exposure and students would develop this skill in a complementary manner to their 

technical expertise [12]. 

D. Bridging the gap between clinical and interpersonal skills 

The need for integration 

The curriculum for orthodontic education should combine clinical expertise with 

interpersonal abilities for students to meet both patient expectations and behavioral 

requirements before performing technical dental procedures. Traditional orthodontic 

instruction based on diagnosis and treatment procedures ignores the fundamental importance 

that patient compliance depends on realistic expectation guidance and empathetic 

communication abilities by the orthodontist [1,7,26]. Results from this dissertation prove that 

orthodontists must develop comprehensive skills to combine technical competence and 

communication abilities which builds patient trust and adherence. 
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Patient-centered care practices that focuses on patient wants and psychological factors 

together with personal values necessitates a unification of medical competencies with 

communication abilities [71]. The failure to manage patients' anticipated pain together with 

expected discomfort levels along with therapy length results in emotional distress that produces 

behavioral resistance to their treatment. Effective expectation management surpasses basic 

technical skills because it needs the combination of empathy and listening proficiency and the 

skill to handle delicate talks regarding discomfort and aesthetic changes [4]. Patient outcomes 

demonstrate that both motivational interviewing and pre-procedural counseling foster patient 

confidence and adherence leading to increased adherence so their training needs to become 

standard in orthodontic education. 

From a technical perspective the patient training system must adjust to what a patient 

realistically expects. For procedural satisfaction, patients must experience treatment better than 

what was described in their consent processes. Research findings indicate patients demonstrate 

better satisfaction levels and better follow doctor's treatment plans after they encounter easier 

procedures than their initial discomfort predictions. Patient-centered training of orthodontists 

through proper procedures improves treatment trust and patient cooperation [71]. By 

combining hands-on training with communication skill development, orthodontic education 

ensures that students not only convey treatment expectations effectively but also perform 

procedures in a way that supports patient confidence and satisfaction. 

This integrated approach aligns with broader trends in holistic healthcare, where 

practitioners are expected to treat patients as individuals rather than simply cases to be solved. 

In orthodontics, this is particularly critical given the long treatment durations, requiring 

sustained engagement and trust over months or years [71]. When communication and technical 

training are fused into a single, cohesive educational model, orthodontic programs can better 

prepare students to interact with patients on physical, emotional, and psychological levels, 

ultimately leading to higher patient adherence, improved clinical outcomes, and greater 

professional fulfillment for orthodontists. 

Synergies between simulation and communication training 

Combining simulation based training and communication skills development is a 

unique opportunity for enhancing orthodontics education. The two literature reviews used as 

the basis of this dissertation highlight that simulation tools, VR simulations and 3D models in 

particular, are instrumental to the development of students' technical skills; but these tools go 
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beyond simply allowing for practice of clinical procedure, they can also be used for practicing 

communication and psychological strategies in patient care [1,7]. 

Part of the major benefits of simulations for both technical and communicative training 

purposes is the fact that they can repatriate real world scenarios in a controlled environment. 

VR systems can be useful for simulation of patient interaction in a safe space where students 

can learn not only diagnostic skills, but also how to communicate with orthodontic patients and 

respond to commonly encountered obstacles in orthodontic care, as pointed out by Chen et al. 

and Lin-na et al. [38,39]. For instance, students could use simulations to practice giving 

explanations to a virtual patient on complex treatment plans, such as ways to manage the 

patient's concern regarding cost, time, or expected outcomes.  

The use of these simulations helps students achieve better treatment adherence by 

educating them to clearly define patient expectations during early stages of patient care. 

Student development of empathetic communication and problem-solving skills happens 

through role-playing simulations that let students become both orthodontist and patient [51]. 

The exercises proved most helpful for student preparation in dealing with intense patient 

encounters regarding treatment pain and appearance worries along with treatment change 

stress. The combination of structured nonadherence conversations and treatment anxiety and 

miscommunication scenarios enables students to perform simulated dialogues which help them 

learn refined explanation methods along with reassurance techniques and patient compliance 

support through safe practice scenarios. 

An integrated training model should include structured modules that alternate between 

technical procedures and patient-centered communication workshops. This approach can help 

make sure that students not only refine their clinical skills but also build confidence in handling 

complex patient interactions. For example, after completing a technical session on bracket 

placement, students could engage in a communication module where they practice explaining 

treatment plans to a simulated patient in a clear and compassionate manner. By blending 

procedural skill development with communication practice, orthodontic education can better 

equip students to manage both the technical and psychological aspects of patient care, ensuring 

more positive treatment experiences and improved adherence. 

Integrating communication training with advanced technologies 

The use of modern technology in orthodontic education has largely been described in 

the context of acquiring clinical skills. However, these tools also hold significant potential for 
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transforming psychological and communication strategies, particularly in managing patient 

expectations, improving adherence, and reducing treatment-related anxiety [38,72]. VR 

simulations of patient interactions are increasingly incorporated into curricula to help students 

practice delivering complex treatment information, responding to patient concerns, and 

managing emotional reactions in a controlled, low-risk setting [7,38]. 

Trainees can role-play challenging scenarios, such as managing noncompliance, 

explaining treatment risks, or adjusting patient expectations about discomfort and duration [4]. 

Interactive virtual patient modules provide real-time feedback on both verbal and non-verbal 

communication skills, allowing students to refine how they convey empathy, clarity, and 

reassurance [38]. Additionally, artificial intelligence-driven platforms analyze communication 

effectiveness, offering targeted feedback on areas such as tone, clarity, and patient engagement 

[43]. These AI-driven systems help identify gaps in how information is conveyed, ensuring 

that orthodontists can align their explanations with patient concerns to improve trust and 

compliance. 

Additionally, digital tools in the form of 3D treatment visualizations have the potential 

to add to psychological strategy by allowing patients to better have a grasp on their treatment 

plans. With these tools, the clinicians bring precision of clinical communication gap and aid 

better communication between patient and clinician, which help to reduce anxiety and build 

trust. We are beginning to see more and more educators integrate these kinds of technologies 

into the orthodontic curriculum, because they understand how they can not only make the 

teaching of technical skills better but also help to develop the interpersonal talents most 

relevant to patient outcomes. 

As orthodontic education evolves, educators increasingly recognize that advanced 

technologies can improve not only technical training but also the interpersonal skills most 

relevant to patient outcomes. By integrating these digital tools into orthodontic curricula, 

students can develop both procedural expertise and the communication abilities necessary to 

navigate patient concerns effectively, ensuring that treatment expectations are both realistic 

and well-managed. 

Implementation challenges 

Multiple barriers limit the successful introduction of combined technical and 

communication education for orthodontic professionals in training programs. A basic challenge 

arises because both patients and providers frequently ignore how patient expectations influence 
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their level of compliance [4]. Patients commonly begin treatment with false expectations about 

the amount of pain they will feel and the level of procedure difficulty that leads to treatment 

anxiety and reluctance to continue treatment along with non-compliance [73]. The absence of 

proper psychological communication training for orthodontists creates challenges in 

addressing false beliefs at initial stages of care thus producing displeasure for clinical 

professionals and patients. Most orthodontic programs emphasize training in technical aspects 

rather than interpersonal traits which results in graduating students lacking the necessary 

competencies for psychological barrier intervention during patient adherence [1,7]. 

Institutional resistance to integrating psychological and communication training 

remains a major obstacle. Many faculty members, trained in traditional medical and dental 

education models, emphasize clinical procedures over patient interaction, contributing to the 

perception that communication training is secondary or unnecessary [42]. However, patient 

adherence has been shown to increase when orthodontists effectively communicate treatment 

expectations, risks, and procedural realities in ways that patients can understand and trust [4]. 

Resistance among faculty members often stems from a lack of understanding of the link 

between communication skills, patient compliance, and treatment success, as well as concerns 

about curricular overload in an already demanding training program [41]. 

Resource constraints present another significant challenge, particularly in institutions 

with limited access to simulation-based training tools. The ability to adjust and align patient 

expectations before treatment begins plays a critical role in ensuring compliance, yet many 

programs lack access to the technologies that can enhance this process [17]. VR-based training, 

3D models, and AI-driven patient simulations provide valuable opportunities for students to 

practice both technical execution and patient communication in a controlled setting, but 

financial barriers limit the availability of these resources [7]. Huang et al. highlight that unequal 

access to these technologies across institutions creates disparities in training quality, with 

students from well-funded programs gaining a distinct advantage in both procedural and 

interpersonal skill development [74]. Additionally, training faculty to effectively use these 

tools and integrate communication strategies requires financial and logistical investment, 

which some institutions may be reluctant to undertake. 

Another major hurdle is the lack of standardized pedagogical methods for teaching 

communication skills in orthodontics. While structured approaches for clinical procedures are 

well established, communication training remains inconsistent across programs [1]. 
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Misalignment between patient expectations and actual treatment experiences can negatively 

affect adherence, yet few orthodontic programs offer structured instruction on expectation-

setting, anxiety management, and patient reassurance techniques. Without a consistent, 

evidence-based approach, orthodontic students may graduate with technical expertise but 

insufficient skills to build trust, alleviate patient fears, and reinforce compliance. 

The successful integration of a dual-focus training model depends heavily on faculty 

preparedness and institutional support. Effective patient management requires orthodontists to 

proactively engage with concerns and modify expectations through structured conversations, 

reinforcing the need for faculty training programs that equip educators with both clinical and 

psychological teaching strategies. Faculty should receive hands-on training in using VR 

simulations, typodonts, and interactive digital models, but just as importantly, they should 

develop expertise in teaching psychological communication techniques, such as pre-procedural 

counseling, motivational interviewing, and managing treatment-related anxiety. 

Beyond faculty development, institutions must also support interdisciplinary 

collaboration. Training orthodontists to navigate both technical and psychological aspects of 

treatment requires cooperation between educators, psychologists, communication experts, and 

experienced clinicians. Universities can partner with technology providers to increase access 

to simulation tools, ensuring that orthodontic students have consistent, high-quality training in 

both technical execution and patient-centered communication. 

Solutions for successful integration 

To successfully integrate technical and interpersonal skills into orthodontic education, 

targeted curriculum reforms, faculty development, and resource acquisition strategies must be 

implemented. A key solution is to redesign curricula so that communication and psychological 

skills receive the same emphasis as technical competencies. Current training gaps in patient 

communication, expectation management, and psychological strategies must be identified, and 

new educational modules should be developed to address these areas [71]. For example, 

incorporating structured communication workshops into the core curriculum would provide 

students with formal instruction on patient interaction, expectation-setting, and anxiety 

management. These workshops could be directly integrated with clinical training, allowing 

students to practice both procedural execution and patient communication in tandem, ensuring 

that patient concerns are addressed alongside technical precision. 
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Furthermore, this integration requires faculty development to be successful. The 

literature reviews this dissertation is based upon lay special emphasis on the fact that several 

faculty members may not have been trained adequately enough to teach communication skills 

properly [75]. Therefore, institutions are able to create faculty development programs that 

concentrate on communication training as well as simulation tools incorporation into 

curriculum. Not only would this prepare faculty who will be teaching technical and 

interpersonal skills, but it would also encourage an atmosphere where communication is looked 

upon as an element of orthodontic care. 

Finally, institutions need to seek external fund sources to solve resource constraints. 

Orthodontic programs can either partner with technology companies or apply for government 

grants to secure the resources needed to undertake simulation based training in both clinical 

and communication contexts. By exploiting existing computation resources, this approach can 

promote the wider use of advanced simulation technologies and ensure that all students can 

benefit from high quality learning tools regardless of the resources available to the host 

institution. 

E. Implications for orthodontic education and future directions 

Implications for orthodontic practice 

The implications of integrating simulation-based training and 

communication/psychological strategies into orthodontic education are profound. A patient-

centered approach is fundamental to achieving successful treatment outcomes, but a critical 

barrier remains: many patients enter treatment with unrealistic expectations about pain, 

discomfort, and procedural complexity, which directly impacts adherence and satisfaction. 

Research highlights that orthodontic education must evolve to prepare clinicians not only to 

execute procedures with precision but also to effectively communicate and manage patient 

expectations [1,7]. A more holistic approach that combines clinical and interpersonal training 

ensures that orthodontists are equipped to align patient perceptions with treatment realities, 

ultimately improving both technical outcomes and the patient experience. 

One of the most significant implications of this integrated training model is its potential 

to enhance patient compliance and long-term treatment adherence. When patients receive clear, 

psychologically informed explanations of their treatment process, they are more likely to trust 

their provider, follow recommendations, and remain engaged throughout lengthy orthodontic 

procedures. Studies indicate that motivational interviewing and empathy-based communication 
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approaches help orthodontists proactively address patient anxieties, reset unrealistic 

expectations, and reinforce adherence to treatment protocols [4]. By incorporating expectation 

management training into orthodontic education, future practitioners will be better prepared to 

navigate difficult conversations about pain perception, procedural complexity, and treatment 

duration, ensuring greater patient cooperation. 

The potential for improved patient satisfaction extends beyond just adherence. As 

orthodontic treatments become increasingly individualized and technologically advanced, the 

ability to communicate complex procedures and treatment plans is critical [76]. Patients who 

understand their treatment goals and procedural steps are less likely to experience frustration 

or disappointment, making pre-procedural communication a crucial determinant of both 

clinical and emotional treatment success. Additionally, the rise of virtual consultations has 

further amplified the need for orthodontists to develop strong communication skills to ensure 

that patients receive accurate, expectation-aligned information even before setting foot in a 

clinic [4]. 

Possible long-term implications 

The incorporation of communication and psychological strategies into orthodontic 

education has far-reaching implications for long-term clinical outcomes and patient 

experiences. Beyond improving immediate patient satisfaction and adherence, these 

competencies can significantly enhance the overall quality of orthodontic care by ensuring that 

patients remain engaged and committed throughout the entire treatment cycle [1,7]. Since most 

orthodontic treatments span several months to years, sustained patient cooperation is essential 

for achieving successful results and minimizing complications caused by noncompliance. 

When orthodontists are trained to recognize and manage patient expectations from the outset, 

they can proactively address misconceptions about treatment duration, discomfort, and 

procedural complexity, ultimately reducing treatment interruptions, nonadherence, and dropout 

rates. 

Empathy-driven communication and expectation-setting play a critical role in fostering 

long-term patient engagement. Patients who feel heard, understood, and supported are more 

likely to follow hygiene protocols, wear aligners consistently, and attend scheduled 

appointments [77]. For example, a patient who believes that aligner compliance is crucial for 

their treatment success—because an orthodontist has effectively communicated this 

expectation—will be more likely to adhere to prescribed wear times, minimizing the need for 
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extended therapy or corrective interventions. By contrast, when expectations are not properly 

managed, frustration and disengagement increase, leading to prolonged treatment durations and 

diminished outcomes. 

Beyond individual patient interactions, psychological strategies such as anxiety 

management and motivational interviewing contribute to better emotional well-being 

throughout treatment. Patients who experience reduced anxiety regarding their procedures 

report higher satisfaction levels, are more likely to remain engaged, and perceive their overall 

treatment experience more positively [1]. These positive experiences extend beyond the 

individual patient, influencing the reputation of orthodontic practices. Satisfied patients are 

more likely to recommend their providers, generating word-of-mouth referrals and increasing 

patient retention over time. 

From an organizational perspective, integrating interpersonal and psychological 

training into orthodontic education offers long-term financial and operational benefits. 

Graduates who receive holistic patient care training are better equipped to address the needs of 

diverse patient populations, reducing disparities in orthodontic access and treatment outcomes 

[78]. Additionally, a workforce trained in patient-centered care minimizes the likelihood of 

treatment delays, unnecessary complications, and patient dissatisfaction, ultimately lowering 

the costs associated with corrective interventions and patient attrition. 

Further longitudinal research is needed to quantify the long-term benefits of integrating 

communication and psychological strategies into orthodontic education. Studies tracking 

treatment adherence, patient satisfaction, and clinical outcomes over extended periods could 

provide stronger evidence supporting the expansion of these competencies within orthodontic 

curricula. By systematically evaluating these long-term impacts, orthodontic programs can 

ensure that future training models align with the evolving demands of patient-centered care and 

clinical excellence. 

Global perspectives on orthodontic education 

Because orthodontic education functions in an increasingly globalized construct, 

delivery of evidence based treatment must be adaptable to a wide array of cultural and regional 

contexts. However, existing research underscores the need for simulating equipment within 

integration of orthodontic programs of simulation learning, communication training, and 

psychological skill development. These practices are based on solid empirical evidence; 
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however, additional positive lessons can be drawn from international and regional variations 

in educational practice. 

For instance, the implementation of simulation based learning tools like virtual reality 

systems and digital typodonts has been quite successful in increasing clinical preparedness and 

technical proficiency, as already established. These tools may be used; however, they are often 

impractical to implement in resource limited settings. From the experience in regions that have 

adopted these technologies, such as low cost VR platforms or collaborative resource sharing 

among institutions, we are able to learn from practical solutions. By adhering to global best 

practices as well as offering these advanced tools, all approaches provide equity in the 

orthodontic education space. 

Patient centered care models which focus on motivational interviewing and empathetic 

communication require similar needs in orthodontic training. Alongside these methods is 

strong evidence that they can be applied as long as the cultural variation in patient expectations, 

communications style and psychological reaction to orthodontic treatment is taken into 

consideration. Research from a variety of cultural settings provides useful insights into how we 

can strongly adapt these practices without losing their effectiveness. For instance, in regions of 

the world in diverse cultural settings, culturally informed communication strategies may 

contribute to better adherence of patients and to building trust with clinicians, where they are 

different from the Western communication model [79]. 

In addition, some orthodontic education is also dependent on international 

collaborations. The exchange of best practices and standardized benchmarks for training are 

developed in partnerships between academic institutions across different countries [80]. Such 

collaborations can help closer the integration gap while providing for regional specificity. For 

instance, a global consortium on orthodontic education could set guidelines to integrate the 

communication and psychology training into its regular curricula, on the basis of the success 

of such cases from several parts of the globe. 

Furthermore, the global perspective highlights the importance of preparing students to 

work in diverse healthcare settings. By exposing students to the best international practices and 

evidence-based strategies, orthodontic programs can better equip future practitioners to 

navigate the complexities of modern patient care. This includes understanding the psychosocial 

dimensions of treatment, addressing anxiety and adherence challenges, and delivering 

culturally sensitive care. 
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Ethical implications of an enhanced orthodontic curriculum 

Orthodontic education must not only prioritize clinical and interpersonal skills but also 

integrate ethical principles that govern patient care. Expanding the curriculum to include 

communication and psychological training allows for more consideration for ethical regards in 

which practitioners are schooled in the integration of communication and compassion in 

complex patient interactions. Good communication leads to effective consent and shared 

clinical decisions — the moral requirement of patient centered care [1]. As orthodontists work 

to conduct clear and respectful discussions, whilst being empathetic, they give patients the 

ability to make sound choices about their treatment, which is essential to ethical practice. 

Beyond just ethical care, psychological training provides the ability to manage patient 

anxiety and responsibility all within their care. Orthodontic treatments are often long, have 

aesthetic consequences, and increase emotional vulnerability. The concerns about these are 

taken care of by empathy trained and psychologically trained practitioners without promising 

them false hope and undue stress. This approach not only supports patient well-being but also 

underscores the ethical principle of nonmaleficence, ensuring that care minimizes harm while 

fostering trust [81]. 

Ethical preparedness also depends upon simulation based training. Both allow students 

to rehearse responses to ethical dilemmas, e.g., in response to nonadherence or when talking 

about financial constraints. This develops roles of the future orthodontists to who can make 

ethically sound decisions in real life situations and of course of they have to be accountable 

and responsible for their own actions. But there are ethical questions with integrating all that 

advanced technology. With increasing course offerings, institutions must guarantee all students 

access to simulation tools with equitable quality, so that students from less resource rich 

programs are not disadvantaged. Moreover, as technology enables technical skill, care must be 

taken so that the human connection upon which ethical patient care depends remains. By 

injecting ethics in the communication, psychological, and simulation training, the curriculum 

has served to improve clinical outcomes while simultaneously reinforcing the commitment to 

providing respectful, dignified, fair treatment of patients. 

Recommendations for future research 

Although the existing literature provides significant insights, it also reveals key gaps 

that must be addressed. One of the most pressing areas for future research is investigating the 

long-term impact of communication training on patient expectations, compliance, and overall 
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treatment success. Current studies primarily focus on short-term outcomes, such as immediate 

patient satisfaction, adherence to early treatment protocols, and engagement in decision-

making [1]. However, orthodontic treatment often spans months or years, and longitudinal 

studies are needed to examine whether expectation-setting strategies at the start of treatment 

continue to influence adherence, patient retention, and clinical outcomes over time. For 

instance, further research could explore how motivational interviewing and empathy-based 

training help patients adjust their expectations at different stages of treatment—from the initial 

consultation to active orthodontic treatment and long-term retention [72]. 

Another critical area for future research is the integration of communication skills with 

simulation-based technical training. While simulation tools have been widely studied in the 

context of technical skills development, there is limited research on their effectiveness in 

training orthodontists to manage patient expectations, reduce anxiety, and navigate difficult 

conversations [1,7]. For example, future studies should evaluate whether virtual patients, role-

playing exercises, and AI-driven communication simulations enhance students’ ability to guide 

patients through concerns about treatment discomfort, cost, and adherence challenges. Further 

research should also develop and test new curriculum models that integrate both technical 

execution and psychological communication training into a cohesive learning framework [82]. 

Additionally, cost-effectiveness studies are needed to quantify the economic impact of 

simulation and communication training in orthodontic education. The high cost of 

implementing VR-based tools and digital patient simulations remains a major barrier, 

particularly for institutions with limited financial resources [7]. Future research should explore 

affordable alternatives to high-cost simulation technologies and investigate potential funding 

strategies, including industry partnerships and grant programs, to expand access. Importantly, 

studies should also evaluate the return on investment of these training tools by measuring their 

impact on student performance, patient adherence, and clinical efficiency. Reducing treatment 

delays caused by noncompliance could significantly lower overall healthcare costs, reinforcing 

the case for widespread adoption of expectation-management training in orthodontic programs. 

Finally, future studies should examine the global applicability of communication and 

simulation training in orthodontics. Patient expectations vary across cultural contexts, and the 

effectiveness of communication strategies may depend on cultural attitudes toward medical 

decision-making, trust in healthcare providers, and perceptions of pain and treatment difficulty. 

Research should investigate how different populations interpret orthodontic treatment 
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expectations and determine whether communication strategies and simulation-based training 

require adaptation to be effective across diverse patient demographics. By exploring culturally 

responsive approaches, future research can ensure that interpersonal skill training in 

orthodontics remains inclusive and adaptable for global education standards. 

Limitations  

A primary concern is the heterogeneity of study designs across the included research. 

The reviews examined a variety of methodologies, including quasi-experimental designs, 

observational studies, RCTs, and cross-sectional surveys. However, the variability in study 

designs, populations, and outcome measures introduces methodological inconsistency, making 

it difficult to draw universally applicable conclusions for orthodontic programs worldwide. 

Because some studies assessed simulation tools primarily in terms of technical proficiency, 

while others focused on student or patient-reported communication improvements, there 

remains a lack of cohesive, standardized evaluation metrics across studies. 

Another limitation is the underrepresentation of long-term studies examining the impact 

of communication training on patient adherence and treatment success. While many studies 

assess short-term outcomes, such as immediate patient satisfaction or student learning 

following exposure to communication and simulation training, there is limited research on how 

expectation-setting interventions influence patient compliance over extended orthodontic 

treatment cycles. Given that orthodontic care often spans years, future research must evaluate 

whether early interventions to align patient expectations result in sustained adherence to 

treatment protocols, fewer mid-treatment dropouts, and improved long-term clinical outcomes. 

Additionally, many of the reviewed studies relied on self-reported data, which presents 

inherent risks of bias and overestimation of satisfaction or adherence. Studies measuring patient 

compliance, treatment satisfaction, or student confidence in communication skills often used 

subjective surveys, which may be affected by social desirability bias or participant 

expectations. For instance, patients might overstate satisfaction levels due to a desire to please 

researchers or their orthodontist, and students may overestimate their communication 

proficiency immediately after training sessions without demonstrating sustained improvement 

in real-world clinical settings. Future research should incorporate objective adherence 

measures, such as treatment completion rates, appointment attendance, and clinical outcomes, 

to provide a more accurate assessment of training effectiveness. 
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Furthermore, one key limitation is the difficulty of isolating the effects of 

communication training from other external factors influencing patient adherence. Compliance 

with orthodontic treatment is multifactorial, influenced not only by clinician-patient 

communication but also by socioeconomic status, prior healthcare experiences, cultural 

perceptions of orthodontics, and personal motivation. Because expectation-setting strategies 

are often integrated into broader patient interactions, it remains challenging to determine the 

specific impact of communication techniques alone on treatment adherence. Future research 

should explore how expectation management interacts with these external factors to ensure that 

training models are tailored to diverse patient populations. 

Finally, while this dissertation synthesizes findings from three interrelated areas of 

orthodontic education, it is a secondary review that does not include original empirical 

research. Although based on systematic reviews, the dissertation does not present firsthand data 

on how integrating expectation management, communication training, and simulation-based 

learning impacts real-world patient outcomes. Additionally, the scope of this review focused 

exclusively on these training methods, without addressing other critical aspects of orthodontic 

education, such as interdisciplinary collaboration, ethics, or global variations in training 

methodologies. Expanding the scope further would have diverted focus from the central 

objective of evaluating technical and interpersonal skill integration in orthodontic education. 

IX.  CONCLUSIONS 

This dissertation has synthesized findings from three interrelated areas of orthodontic 

education—patient expectation management, simulation-based training, and 

communication/psychological strategies—to establish a comprehensive framework for training 

orthodontists in both technical proficiency and interpersonal competence. While technical 

skills remain the foundation of orthodontic education, research demonstrates that failure to 

manage patient expectations early in treatment can lead to noncompliance, dissatisfaction, and 

extended treatment durations, reinforcing the need for a curriculum that integrates expectation-

setting alongside procedural skill development. By addressing patient misconceptions, 

employing psychological communication strategies, and incorporating simulation-based 

learning, orthodontic programs can better prepare students to navigate the complexities of real-

world patient care, improve adherence, and enhance treatment satisfaction. However, 

significant challenges remain, including the high cost of advanced simulation tools, limitations 

in faculty training, and institutional resistance to shifting from traditional models that 
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emphasize direct patient care over structured interpersonal skill development. Many programs 

still prioritize technical training over communication education, limiting students’ ability to 

effectively engage with patients and manage expectations in ways that improve treatment 

compliance. Additionally, while short-term research has demonstrated the effectiveness of 

these training strategies, longitudinal studies are needed to examine how expectation-setting 

techniques influence patient adherence and clinical outcomes over multi-year orthodontic 

treatment cycles. Despite these challenges, this dissertation underscores the critical need for an 

integrated educational approach that merges technical expertise with patient-centered 

communication, ensuring that future practitioners can build trust, reduce anxiety, and foster 

long-term compliance. By fostering an educational environment that values both clinical 

precision and psychological competencies, orthodontic programs can better equip students to 

meet the growing expectations of modern patients, ultimately leading to improved treatment 

experiences, greater patient satisfaction, and enhanced clinical outcomes. 
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